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Introduction 

• The reports and focus groups inform key 
questions: 
– How do we prepare for climate change? 

– What research, information, and tools are needed to address 
climate change effects on fish and wildlife management? 

– How might planning and management change in order to 
prepare effectively for projected climate impacts? 

• The reports organize complex and rapidly 
evolving bodies of literature in one place 
– Example: climate change adaptation literature 

 



Steady increase in climate change 
adaptation literature 

Source: Glick et al. 2011 



Outline 

• Compare Phase I and Phase II 

• Using the reports 

• Results of Phase I 

• Plans and status of Phase II 



Comparing Phase I and Phase II 

• Phase I  

– Identified major 
climate change 
impacts (SLR, etc.) 

– Identified 
implications for 
ecosystems, 
habitats, and 
species 

– Menu of adaptation 
approaches 

• Phase II 

– Will identify impacts 
of highest priority 
for natural resource 
professionals 

– Will identify existing 
strategies 

– Will identify 
additional info, 
research, tools 



Using the Reports: Methodology 

•  ~280 pages 

•  10 or 11 chapters 

•  400+ resources 

•  100+ people 
interviewed 

•  63 reviewers 

• They are reference 
documents 



Using the Reports: 
the Table of Contents 

• “Clickable” Table 
of Contents 

• Main body of 
report: 

– Marine: Chapters 
II through VIII 

– FW: Chapters II 
through VII 

• Example: Marine 
report 



Using the Marine 
Report: Ch. II-VII 
• Primary organization is by: 

– Observed trends 
– Future projections 
– Information gaps 

• Within each heading, information 
is organized geographically, from 
north to south 

• In general, Chapters II through V: 
– Global 
– Southcentral and Southeast Alaska 
– British Columbia 
– Washington 
– Oregon 
– Northwest California 

• In general, Chapters VI and VII: 
– Global 
– Gulf of Alaska Large Marine 

Ecosystem 
– California Current Large Marine 

Ecosystem 
 



Using the Marine 
Report: Ch. VIII 

• Primary organization is 
by adaptation approach: 
– Information gathering 

and capacity building 
– Monitoring and planning 
– Infrastructure and 

development 
– Governance, policy, and 

law 
– Species and habitat 

conservation, restoration, 
protection and natural 
resource management 

• The final section, Section 
8, provides status 
updates on adaptation 
strategies and plans in 
the region 

 



Using the Reports: Citations & References 

• >90% sentences 
cited 

• Footnotes 
increase 
usefulness 

• Bibliography is 
organized by 
author, not by 
footnote number. 

 



Phase I Results: Summary of Climate 
Change Impacts 

• Continued increase in CO2  
– 392 ppm  >600 ppm 

• Continued increase in 
temperature in NPLCC 

– 2100: +3.1 to +6.1°F, up to 
+13°F in AK 

• Enhanced precipitation 
variability in NPLCC 
– Annual PNW, 2080s: -10 to +20% 

– Annual BC Coast, 2050: +6% 

– Annual CA, 2050: -12 to -35% 

– Increases in winter and decreases 
in summer 

– Data does not include Alaska 

 

Source: Center for Science in the 
Earth System, Univ.of Washington 



Phase I Results: Summary of Climate Change Impacts (Marine) 

Impact Observed Trends Future Projections 

Ocean acidification 
(represented by pH) 

~8.1, regional variation 
(Hood Canal: 7.39) 

~556 ppm CO2: ~7.9 
~834 ppm CO2: ~7.7-7.8 

Increasing sea 
surface temperature 

BC: +0.52 to +1.7°F (1917-

2003); OR: +1.8°F (1997-

2005 vs. 1961-1971) 

Winter 2040-2049: +1.8 to 
+2.9°F (1980-1999 baseline) 

Sea level change Generally less than 1961-
2003 global average 

2100, AK: -25 to -41” 
2100, Other: +4.3 to +55” 

Altered ocean currents CA: stronger, deeper 
thermocline (1950-1993) 

Information needed. Maybe 

> natural variability extremes. 

Altered frequency & 
severity of storms 

OR & WA wave heights: +8 
ft. , 65% more force 

Likely more intense overall. 
Frequency may increase in 
north, decrease elsewhere. 

Altered patterns of 
coastal upwelling 

Observed region-wide Increased intensity & favorable 
winds, but highly uncertain. 

Altered patterns of 
coastal hypoxia/anoxia 

WA: DO <0.5 mL/L (2006) 

OR: DO 0.21-1.57 mL/L 
(2002) 

Information needed.  
May increase. 

*Note: Results for Altered Hydrology are summarized in freshwater table. 



Phase I Results: Summary of Climate Change Impacts (FW) 

Impact Observed Trends Future Projections 

Reduced snowpack -1.5 feet snowfall (Juneau);  
-16% to -25% SWE (BC, PNW) 
 

2X CO2: -73% (N. Coast CA); By 2100: 
-28% (vs. 1961-90, Fraser); -56 to -
70% SWE (vs. 1917-2006, WA) 

Altered runoff/ 
streamflow 
amount 

PS: -13% annual inflow 
Region-wide: Winter increases & 
summer decreases 

By 2100: mean +1.8 to +5.1% (vs. 
1961-90, Fraser); -50% 7Q2 (WA) 

Altered runoff/ 
streamflow timing 

CT*: Up to >20 days earlier (snow 
basins) or later (non-snow basins) 

2099: 10-20 days earlier in AK/BC, 30-
40 days earlier elsewhere (vs. 1995) 

Increased 
flooding and 
extreme flow 

Western U.S.: increased flood risk 
in rain & rain-snow basins 

2040s: +5 to +22% (1916-2006; Ross 
Dam WA); Portland: 25-year storm 
more frequent 

Increased water 
temperature 

Lake WA: +1.2 to +1.6°F 
(annually); w. WA: <68°F 

By 2100: many streams >68°F (Fraser, 
w. WA & OR) 

Reduced glacier size 
and abundance 

N. Cascades: 53 glaciers gone, 
75% thinning; OR: 40-60% loss 

Losses by 2100: Bridge Gl. >30%, N. 
Cascades 75%, Mt. Shasta 65-100%  

Changes in water 
quality 

P & N low in Rogue & Klamath R.; 
Columbia R.: 0.26 mg/L NO3-N; 
0.06 mg/L total P 

Information needed. Increased flows 
and reduced flows: dilute nutrients or 
increase sediments. 

Altered groundwater 
levels, recharge, & 
salinity 

Saltwater intrusion: 9% (36 of 379 
wells, Island Cty, WA) 

Timing mimics streamflow changes. 
Increased saltwater intrusion. 

*CT = Center of mass of annual flow 



Observed pH Trends 

 Regional: 8.1 

 Hood Canal: 7.39 

 Tatoosh Island: 

    - daily & yearly    

          variation 

  

Ocean Acidification 

  



  

Future Projections 

 North of 50°N: 7.7 

 Rest of NPLCC: 7.8 

 

  

Implications 

 Salmon prey 

 Interactions with existing stressors 

 

  



Increasing sea surface temperature 

• Observed Trends 

– Increased warming over 
20th century 

– Global: +1.1°F 

– BC: +0.52 to +1.7°F  

– OR: +1.8°F   

• Future Projections 

– Global: +4.7°F 

– North Pacific: +1.8 to 
2.9°F 

– Warmer max & min 

– BC/WA: +2.2 to 2.7°F 

 



Sea level change 
Table 12. SLR Trends in British Columbia, 1909-2006. 

(CI = Confidence Interval. Table created by authors of this report.) 

Location Time period(s)* 

Mean ± 95% CI 

(measured in inches per 

year) 

Mean ± 95% CI 

(measured in millimeters 

per year) 

Prince 

Rupert 

1909-2006 - 0.0429 ± 0.011     - 1.09 ± 0.27 

1909-2003 0.04 ± 0.02    1 ± 0.4 

1939-2003 0.055 ± 0.02  1.4 ± 0.6 

1913-2004 0.039**  0.98** 

Tofino 
1909-2006 - 0.0626 ± 0.013  - 1.59 ± 0.32 

1910-2004 - 0.0661**  -1.68** 

Vancouver 
1910-1999 0.015 ± 0.011  0.37 ± 0.28 

1911-2004 0.02**  0.4** 

Victoria 
1909-1999 0.031 ± 0.0098  0.80 ± 0.25 

1910-2003 0.024**  0.62** 

Global 

average 

1961-2003 0.071 ± 0.02†   1.8 ± 0.5† 

1993-2003 0.12 ± 0.03†    3.1 ± 0.7† 

*All values for 1909-2006 are NOAA values, as are values for Vancouver (1910-1999) and Victoria 

(1909-1999). Values for 1913-2004 in Prince Rupert, 1910-2004 in Tofino, 1911-2004 in Vancouver, 

and 1910-2003 in Victoria are reported by the B.C. Ministry of Environment  .  Values for 1909-2003 

and 1939-2003 are reported by Abeysirigunawardena and Walker. . 

**With the exception of Vancouver (chance of no trend >0.1), all stations have a chance of no trend less 

than 0.05: Prince Rupert (<0.05), Tofino (<0.001), and Victoria (<0.01).  

†Global averages are reported as 90% CI. 

 

Observed Trends 

 SLR generally less 
than 1961-2003 
global average 

 Greater than global 
average in Cordova, 
Toke Point, South 
Beach, and PNW 
overall  

 Declines in most of 
AK, Tofino, and 
Neah Bay 

 CA inconclusive
  

   



Sea level change 

Future Projections 
for 2100 

 - Global: +8.1 to 70” 

  - AK: -25.2 to 40.8” 

  - BC: +31.2 to 46.8” 

  - PS Basin: +50” 

  - WA NW Coast: +35” 

  - OR/CA: Up to +55” 

Implications 

  - Coastal erosion 

  - Coastal squeeze 

  - Habitat loss & 
transition 

     

  

 

 



Effects: Habitat Loss & Transition 

• SW WA erosion “hot spots” 

Habitat Loss 

• Estuarine beaches: -65% 

• Tidal flats: Up to 44% loss 

• Tidal fresh marsh: -25% 

• Inland fresh marsh: -13% 

Habitat Conversion 

• 52% of brackish marsh  
tidal flats, transitional marsh 
and saltmarsh 

Sources: Washington Gap Project 1991 Land Cover for Washington 
State, USGS Shaded Relief Map of Washington, Huppert et al. 2009, 
Glick et al. 2007 



Effects: Habitat Loss & Transition 

Data Source: Ducks Unlimited 



Effects: Habitat Loss & Transition 

Data Source: Ducks Unlimited 



Effects: Habitat Loss & Transition 

Source: Murphy et al. (2010) 

2000-2009 Biome Types 2090-2099 Biome Types 

Source: Murphy et al. (2010) 

Modeling indicates nearly half of southeast Alaska shifts from North 
Pacific Maritime to the Canadian Pacific Maritime 



Altered runoff/streamflow amount, 
timing, & frequency 

Primary source of change: 
warmer temperatures  
precipitation falls as rain 
rather than snow 



Altered runoff/streamflow amount, 
timing, & frequency 
• Future Projections (By 2100) 

– Streamflow 10-20 days earlier in 
AK/BC, 30-40 days earlier elsewhere 

– 100% loss of snowmelt-dominant 
basins in Cascades 

– April 1 SWE: -28% in Fraser (small 
increases at high elevations);  

 -56 to -70% overall in PNW 

– Low flows exacerbated, e.g up to 50% 
decline in 7Q2 in PNW 

• Implications 

– Salmon lifecycle 

– Flow effects exacerbated by increasing 
water temperature 

– Interactions with other stressors 

Source: Tohver & 
Hamlet (2010)  



Increased flooding & extreme flow 

  • Increase in 
rain-
dominant 

• Strong 
increase in 
warmer 
mixed rain-
snow basins 

• Likely 
unchanged in 
others 

Source: Hamlet, A.F. 



Increased flooding & extreme flow 

  • Future Projections 

– 2040s @ Ross Dam: 50-year flood 
magnitude increases 15% 

– Floods from mixed rain-snow basins 
generally increase most 

– Klamath Basin: annual maximum-week 
runoff increases in lower basin, stable in 
upper basin 

• Implications for salmonids using 
freshwater, esp. Nov-Jan 

 

 



Increased water temperature 

• By 2080s, few 
watersheds 
favorable for 
salmon 

Sources: Mantua, Tohver and Hamlet (2010) 



Increased water temperature 

  • Tualatin River, OR: Stream segments 
with temperatures >68°F expand to 
upper reaches by 2100 

– Riparian vegetation mitigates increase in 
middle reaches 

• Reduced ice cover in northern regions 

• Implications 

– Effects on salmonids, aquatic productivity 

– Resilient riparian habitat as adaptation 
approach 

 

 



Effects: Salmonids 

• Skagit Delta: Rearing capacity for juvenile 
Chinook would decline by 530,000 fish 
with 32” sea level rise  

• Warmer oceans likely to promote 
decreased salmon populations 

• Salmon prey appear particularly 
vulnerable to ocean acidification 

• Stream temperature and flow effects likely 
to reduce migration success 



Effects: Declining pH & Salmon Prey 

• Significant and 
negative impacts on: 

– Survival, calcification, 
growth, reproduction 

• Aragonite-shelled 
pteropods appear 
particularly vulnerable 

• Potential impacts on 
food web 

• Plasticity 
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Source: Richard A. Feely, NOAA 



Adaptation Approaches: Habitat Loss, 
Altered Productivity, & Salmonids 

Effects 

• Habitat Loss 

• Habitat Transition 

• Declining Skagit Delta 
rearing capacity 

• Warmer water & 
decreased salmon 
populations 

• Declining pH & salmon 
prey 

Adaptation Approaches 

• Remove/prevent shoreline 
hardening structures 

• Enhance sediment 
transport 

• Establish ecological buffer 
zones 

• Acquire rolling easements 

• Restore or transition 
habitat 

• Support/restore healthy 
beaver populations 

? 



Adaptation Approaches: Salmonids, 
Habitat Loss & Vulnerability 

Effects 

• Habitat loss and 
vulnerability 

• Scouring 

• Reduced migration 
success 

• Reduced survival 

Adaptation Approaches 

• Remove/prevent shoreline 
hardening structures 

• Establish ecological buffer 
zones & dispersal corridors 

• Establish networks of 
protected areas 

• Utilize environmental flow 
regimes 

• Acquire rolling easements 

• Restore or transition 
habitat 



Example: Salmon Strongholds 

• Partnership effort 

• 3 criteria determine 
strongholds 

• Strongholds resilient 
to changing watershed 
conditions 

• Climate-smart 
investment of scarce 
resources 

 
Source: Wild Salmon Center 



Example: Novel 
Indicators 

• Identify novel local 
and regional indicators 

 

 



Effects: Range Shifts and 
Phenological Decoupling 
• In 2005-2007, 

delayed plankton 
production linked to: 

– Cassin’s Auklet nesting 
failure 

– Rockfish recruitment 
failure 

– Deaths of seabirds 

– Low survival of coho 
and Chinook 

Source: Karl, Melillo and Peterson (2009) 

Marine Species Shifting Northward 



Effects: Range Shifts and 
Changing Biological Communities 
• Trumpeter swans 

moving northward and 
westward 

• Happening already? 

• Tundra and trumpeter 
swans may be mixing 
at habitat interface 

Source: Murphy et al. (2010) 

Potential expansion of trumpeter 
swan habitat 

Red: Swans present. Green: Swans absent. 



Adaptation Approaches: Legal, 
Regulatory, and Policy Change 

Adaptation Approaches 

• Create or modify laws, 
regulations, policies 

• Incorporate climate 
science into decision 
making 

• Implement coastal 
development setbacks 

• Build institutional 
capacity 

Effects 

• Range shifts, decoupled 
phenology, & changing 
community composition 

• Sea level rise, coastal erosion, 
& coastal squeeze 

• Habitat loss & transition 

• Declining ocean pH & 
vulnerability of salmonid prey 
& food web 

• Altered hydrology 

• Altered interaction with 
invasive species 



Example: Planning for Sea Level 
Rise in Olympia 

 • Finer scale SLR 
simulations 

• Raise floor 
elevations 

• Update Olympia 
Comprehensive 
Plan,2010-2011 

• Institutional 
framework 

Source: City of Olympia (2010) 

20.5 ft. Tide 
30” increase 



Plans & Status of Phase II: Part 1 

• 10 web-based focus 
groups 

– Organized by 
basin/ecosystem 

– 5 marine, 5 freshwater 
groups 

– 186 invites and counting 
(~115 sent this week) 

– Early 2012 

• Goal: Identify climate-
related science needs 
to inform NPLCC Source: U.S. Geological Survey 



• Marine Groups 

– SC/SE Alaska 

– BC Coast 

– Puget Sound/Georgia 
Basin 

– California Current (2) 

• Freshwater Groups 

– AK/BC Coast 

– Pacific Coast/Nass 
Ranges 

– Puget Sound/Georgia 
Basin 

– Columbia River Basin 

– WA/OR/n. CA Coast 
Ranges & Drainages Source: U.S. Geological Survey 



Plans & Status of Phase II: Part 2 

• Two in-person focus groups 

– NPLCC-wide meetings 

– 1 marine, 1 freshwater group 

– <50 people each 

– Feb/March 2012 

• In planning stages now 

– Seeking locations 

• Same goal, but different focus 

– Will be guided by results of Part 1 

– Commonalities & differences across NPLCC region 

– Focus on cross-boundary collaboration? 

– Info will be used to finalize Phase I reports 

 



Conclusion 

• NPLCC reports are reference documents 

• Climate change effects already occurring 
and projected to continue 

• Future impacts can be addressed by 
incorporating uncertainty and risk, acting 
early 

• Focus groups are identifying science needs 
throughout region 
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For further information, contact: 

Patricia Tillmann, National Wildlife 
Federation 

Email: tillmannp@nwf.org  

Office: (206) 577-7824 

To access the Phase I Draft Final 
Reports, go to the “Adaptation 
Reports” section of 
www.nwf.org/climate-smart  
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